We used skeletochronology to compare age, size, reproductive parameters and growth patterns of two related, anuran amphibians from Northern Argentina: Leptodactylus bufonius (n=69) and L. latinasus (n=56), in order to better understand their coexistence in syntopy. Previous studies showed that the two species overlap in their dietary requirements and utilize the same habitats for feeding and breeding. We found that their life-history patterns are significantly different, L. bufonius being larger, and having a higher reproductive output and lifespan, compared to the smaller and shorter-living L. latinasus. Since none of the species exhibited sexual size dimorphism, and both acquired sexual maturity after the first year of life, we suggest that the differences in the observed life-history parameters must appear during early stages of development, during larval and/or juvenile stages.
INTRODUCTION
Body size, growth and lifespan are central life history traits related to fitness, and ultimately to reproductive success and survival (Calder 1984 , Schmidt-Nielsen 1984 , Brown et al. 1993 , Stearns 2000 , Metcalfe and Monaghan 2003 , which makes the study of intra-and interspecific variation in these traits an essential goal for understanding life-history evolution. In amphibians, several factors may contribute to the variation in adult body size, either within species or among them. Traditionally, it has been considered that variation in body size can simply reflect an underlying pattern of variation in the age structure of populations (Díaz-Paniagua and Mateo 1999 , Miaud et al. 1999 , laugen et al. 2005 . Variations in juvenile growth rates to sexual maturity and age at maturity may promote divergences in adult body size between species and populations or sexual size dimorphism within a population (Hemelaar 1985, Monnet and Cherry 2002) . Thus, an important factor in the analysis of variation of body size in amphibians is the indeterminate growth pattern that they exhibit, which becomes asymptotic when sexual maturity is reached (Halliday and Verrel 1988) . Fast growth and early sexual maturity is one of the life strategies that determines increased efficacy at the expense of reaching a smaller adult size (Roff 1993 , Stearns 1992 . In contrast, the benefits of delaying reproduction are generally related to the benefits associated with large body size, which is positively related to fecundity and breeding success (Howard 1980 , Berven 1981 , jumping performance (Tejedo et al. 2000) and competition (Tejedo 1988) . Large body size is also associated with higher survivorship and clutch size (Berven 1982a , gibbons and McCarthy 1986 , Begon et al. 1990 , Stearns 1992 . In addition, the environmental conditions experienced by the mother (non-genetic factors), are an important determinant of offspring adult body size, due to the maternally induced variation in egg size (Kaplan 1998) . For example, a smaller egg size may determine a smaller size at metamorphosis (Bernardo 1996) and, when compensatory growth does not take place (Metcalfe and Monaghan 2003, Hector and Nakagawa 2012) , it can determine small adult body size (Bernardo 1996 , Räsänenetal et al. 2003 , 2005 , laugen et al. 2005 , Marangoni 2006 ).
Skeletochronology is a useful technique to estimate individual age in amphibians, and discriminate variations in growth rates and agerelated parameters such as age and size at sexual maturity, longevity, and potential reproductive lifespan (Sinsch 2015). These life-history parameters also allow explaining the actual pattern of sexual size dimorphism in amphibians (Marangoni et al. 2012 , Cajade et al. 2013 , Quiroga et al. 2015 . Skeletochronology is based on the presence of cyclic and annular bone growth, which can be visualized in cross-sections of bones (Castanet 1982, Castanet and Smirina 1990) . This method is commonly and successfully used for evaluating the age of many species of amphibians and reptiles, providing an age estimate through non-lethal means (Castanet and Smirina 1990 , Marangoni et al. 2009 , 2012 , Sinsch 2015 .
The comparative study of life-history traits in related amphibian species which undergo similar environmental conditions is a good way to understand interspecific interactions and explain how differences in life-history strategies allow the coexistence of these species (MacArthur and levin 1967 , MacArthur 1970 , Pianka 1975 , Toft 1980 . We used skeletochronology to compare the life-history patterns of two closely-related species of the Leptodactylus fuscus group (Heyer 1978) , which occupy the same habitats in the wet Chaco region of northern Argentina. Specifically, we estimated and compared body size, age, growth and reproductive parameters for the two species, aiming to explain the life-history strategies that allow their coexistence.
MATERIALS AND METHODS

STUDY SPECIES
The monophyletic genus Leptodactylus (Fitzinger 1826) has a predominantly Neotropical distribution and is composed of 75 currently recognized species included in four groups: Leptodactylus fuscus (30 species), L. melanonotus (17 species), L. latrans (8 species), L. pentadactylus (17 species) and three species unassigned to any species group (De Sá et al. 2014 (Cabrera and Willink 1980 , Carnevali 1994 , Vaira et al. 2012 ), southern Bolivia, Paraguay, and central Brazil (Heyer 1978 . The two species are common, and sharing habitats scattered throughout the Chaco and espinal ecoregions (Cabrera and Willink 1980 , Carnevali 1994 , Vaira et al. 2012 ). Males of both species construct mud nests at the edge of ponds and other low-lying depressions, and call near semi-permanent or ephemeral water bodies, from inside or close to the chambers (Heyer 1978 , Cei 1980 , Faggioni et al. 2017 ). The two species share the same reproductive mode (Duellman and Trueb1986) and their trophic niche overlaps to a great extent (Duré and Kehr 2004) .
STUDY SITE
Fieldwork was carried out in the area called "el Perichón" (27°25′53.1′′ S, 58°44′44.8′′ W), 10 km northeast from Corrientes city, Argentina, where L. latinasus and L. bufonius live in syntopy. This area is characterized by the presence of numerous temporary and semi-permanent ponds. Mean annual temperature is 21.5°C and the mean annual precipitation is 1500 mm, without a pronounced dry season, although periods of rain shortages occur every 4-6 years (Carnevali 1994). The original vegetation was Schinopsis balansae "quebracho" forest, which is currently extremely degraded and largely replaced by sclerophyllous forest, with prevalence of Acacia caven, Celtis spp., Prosopis affinis, Prosopis nigra, and numerous colonies of Aechmea distichantha and Bromelia spp. (Carnevali 1994) . Eight out of thirteen species of Leptodactylus genus reported for Argentina are present in the study area: five belong to L. fuscus group (L. bufonius, L. elenae, L. gracilis, L. latinasus, and L. mystacinus) , two to the L. latrans group (L. latrans and L. chaquensis) and one to the L. melanonotus group (L. podicipinus).
SAMPlINg
We sampled 56 L. latinasus (34 males, 17 females and five juveniles), and 69 L. bufonius (56 males, 9 females and four juveniles), from autumn 2007 to late spring 2008. The frogs were captured between 20:00 and 23:00 h. The sampling followed the ethical standards imposed by the Dirección de Recursos Naturales of the Corrientes province, Argentina. Most males (26) were captured by hand when they were calling on the ground away from ponds, hidden in crevices (L. latinasus) or near the cone-shaped nests (L. bufonius). Remaining males and females were collected during migration or at the edge of the breeding ponds. In these cases, sex and sexual maturity was determined by the presence of dark vocal sac (males), or ova that could be visualized through the skin (females). Frogs were separated by sex, placed in independent plastic containers (12 cm diameter x 6.5 cm height), and brought to the laboratory.
We measured snout-vent length (SVl) and right hind-limb length (Hl) by placing each frog on laminated graph paper (accuracy ± 1 mm). We measured the head width (HW), arm length (AL) and tibia length (TL) to the nearest 0.1 mm with digital calipers. We measured body mass (BM) to the nearest 0.01 g, using an Acculab electronic balance (Acculab Scales, Titusville, NJ). In addition, we measured 67 specimens of related Leptodactylus species from the Collection of Laboratorio de Genética Evolutiva (Instituto de Biología Subtropical (CONICET-UNaM), Posadas, Misiones, Argentina), which we considered useful for further comparisons: 13 Leptodactylus furnarius, 18 L. laticeps and 36 L. plaumanni (Appendix A, B). All measurements were taken according to Duellman (1970) .
Most individuals (109 out of 125; 87%) were released back into their original ponds within 24-48 h after their capture. Ten L. latinasus and six L. bufonius females were preserved for the analysis of reproductive traits, and further genetics and morphological studies, and deposited in the Collection of Laboratorio de Genética Evolutiva, Instituto de Biología Subtropical (CONICET-UNaM), Posadas, Misiones, Argentina (see Appendix A for specimen codes).
SeXUAl SIZe DIMORPHISM
We checked for significant differences in size parameters (i.e. SVL, BM, HW, AM and TL) between sexes, using multi-and univariate analyses of variance (with type III Sum of Squares). We used Pearson correlation coefficient adjusted for small sample sizes (radj) to analyze the associations between these parameters.
We assessed the sexual size dimorphism (SSD) for each body measurement using the sexual dimorphism index (SDI), following lovich and gibbons (1992): SDI = mean size larger sex /mean size smaller sex , with the result arbitrarily defined as positive when females are larger than males, and negative when males are larger.
SKELETOCHRONOLOGY
We clipped the third toe of the right leg of 28 L. latinasus (12 males, 12 females, four juveniles) and 35 L. bufonius (24 males, 7 females, four juveniles) (Table II) , and stored them in 70% ethanol at room temperature for age estimation through skeletochronology. We followed the standard protocols used in skeletochronology (e.g. Smirina 1972). We selected the third phalanx of the toe, which was washed in water for 30 min, and decalcified in 5% nitric acid for 30-45 min. Afterwards, the samples were washed in running tap water for 5 min and kept overnight in distilled water. Then, the phalanges were frozen (Tissue-Tek O.C.T. Compound, Sakura Finetek) and cross-sectioned at 16 μm using a cryo-microtome. Sections were stained for 3-6 h at room temperature with ehrlich´s hematoxylin (Tejedo et al. 1997) . 15 to 20 of these sections were permanently mounted in aqueous synthetic resin (Aquatex®, Merck KgaA, germany) on glass microscope slides. Cross sections were examined light microscopically at magnifications of 20x using a Nikon Optiphot microscope. A Canon PowerShot A570 was used to take digital images from those diaphysis sections in which the size of the medullar cavity was at its minimum and that of periosteal bone at its maximum. Cross sections were viewed and measured using the computer package Image-Pro Plus Version 1.1 (Media Cybernetics 1993 -1994 . In a first step of the analysis, we recorded the presence/absence of the line of metamorphosis (lM) and of lines of arrested growth (LAGs). The number of LAGs visible in each cross section was assessed by FM and independently by AC. In those frogs with no remnant of the line of metamorphosis we estimated the degree of resorption by osteometrical analysis, following the method of Sagor et al. (1998) . In a second step, we distinguished annual growth marks (lAgs sensu stricto) from non-annual ones (irregular interruptions of the aestivation periods), following Sinsch et al. (2007) . The age of maturity was defined as the lowest age recorded in a reproductive frog of a given population.
AGE-RELATED PARAMETERS
We computed the following age-related parameters (sensu leskovar et al. 2006): (1) age at maturity: the minimum number of lAgs counted in breeding individuals; (2) longevity: the maximum number of lAgs counted in breeding individuals; (3) potential reproductive lifespan: the difference between longevity and age at maturity; (4) mean lifespan; (5) size at maturity: the average snout-vent length of all individuals with the minimum number of lAgs. We used a two-sample Kolmogorov-Smirnov and Mann-Whitney test to check for differences in the shape of age distribution and median age between males and females. We used linear regressions to analyze the associations between age and body size parameters. (Bertalanffy 1938) following Beverton and Holt (1957) :
where SVlt is the expected or average SVl at time (or age) t, SVlmax is the asymptotic average SVl, k is the growth rate coefficient and t 0 is the time or age when the average SVl was zero. We fitted von Bertalanffy growth model and estimated growth parameters (VBgPs) by nonlinear least squares regression. Two estimated VBGPs were considered significantly different at the 0.95 level when their confidence intervals (CI 95%) did not overlap.
We used the value of 10.9 mm as the mean size at metamorphosis (0 lAgs) found in L. bufonius by Vera and Ponssa (2014), to adjust the growth model, since no freshly metamorphosed individuals could be captured from the studied area. Based on the known life-history patterns of the species (i.e. breeding period and larval development) and the moment of sampling, we assigned the age of 0.25 lAgs to L. bufonius and L. latinasus juveniles, assuming that only 3 months elapsed since their metamorphosis.
REPRODUCTIVE TRAITS
Reproductive traits were measured in 16 females: ten L. latinasus and six L. bufonius. We determined the ovarian mass (OM) as the difference between the body mass before and after ovary removal.
The ovarian complement (OC) represents the total number of mature ova from each gravid female and is considered a measure of their fertility or reproductive potential (Crump 1974 , Basso 1990 .
We removed and weighed approximately 10% of each ovary and counted the mature ova under a Nikon C-DS magnifying glass. Mature ova had well-defined black and yellow poles and pronounced larger size, consistent with the post-vitellogenesis class (Crump 1974) . We photographed a random sample of about 200 ova from each ovary with a digital Nikon Coolpix S10 camera, mounted on a Nikon C-DS magnifying glass. We measured the longest and shortest perpendicular axes of 100 ova per sample to the nearest 0.01 mm using Image-Pro Plus 1.1 (Media Cybernetics 1993-94). We determined mature ovum size (OS) by square rooting the product of the two axis measurements. We estimated the ovarian size factor (OSF) which correlates the number and size of mature ova to body length, following Duellman and Crump (1974) : OSF = (OC x OS)/SVL. Finally, we estimated the reproductive effort (RE) following Prado et al. (2000): Re = (OM/BM) x 100, where the body mass is the final weight of the female after oviposition. We used Pearson product-moment correlation coefficient adjusted for small sample sizes (r adj ) to analyze the associations between size and reproductive parameters.
STATISTICAL ANALYSIS
Body size variables were log-transformed in order to achieve normality. We tested all data for normality and homoscedasticity using Shapiro-Wilk and levene tests and chose the statistic tests accordingly. We used multi-and univariate analyses of variance to test for differences in body size between the sexes. We used linear regressions to test the association between body size, age and clutch characteristics. All statistical analyses were performed using STATISTICA 6.0 package (StatSoft Inc. 2001).
RESULTS
BODY SIZE AND SEXUAL SIZE DIMORPHISM
Both species (Table I) The values of sexual dimorphism index (SDI) were negative for head width (-1.00) in L. latinasus and arm length (-1.01) in L. bufonius, showing that the males were larger than females in these variables, whereas the females were larger than males in the remaining variables studied (Table I) . We found a positive and significant correlation between body mass and SVL in both species. This correlation showed differences in the slope between the two species, with body mass increasing faster with SVl in L. bufonius compared to L. latinasus (Fig. 1) .
AGE-RELATED PARAMETERS
All sections showed recognizable bone structures that allowed age determination. We found welldefined lAgs in the periosteal bone of these sections, and they were relatively easy to count in order to assess individual age (Fig. 2) . The descriptive statistics of the studied life historytraits are summarized in Table II , and the age structure is presented in Fig. 3 . The minimum number of lAgs found in reproductive individuals was one in both species. One-year old L. latinasus males were on average smaller than one-year old females, whereas in L. bufonius males were bigger than females within the one-year old age class. On average, males were older than females in both species; however, the differences in the median lifespan between sexes were significant only in L. latinasus (Mann-Whitney U test, Z = 2.849, P = 0.004). Longevity in L. latinasus was three years in males and two years in females, while females were older in L. bufonius (five years in females and four years in males). Thus, the difference in the potential reproductive lifespan (PRlS) between sexes was one year in both species. We found no lAgs in the cross sections of juveniles.
GROWTH PATTERNS
Since MANOVA on all morphometric variables measured showed no significant effects of sex 2.65 ± 0.65 (17) 1.08 0.8 ± 0.08 (5) 11.21 ± 1.75 (56) 12.83 ± 1.28 (9) (4) 20.99 ± 0.66 (56) 21.39 ± 0.25 (9) 1.02 11.13 ± 1.17 (4) Al 6.39 ± 0.45 (30)
6.5 ± 0.5 (16) 1.02 4.3 ± 0.34 (4) 11.65 ± 0.51 (56) 11.58 ± 0.57 (9) -1.01 6.33 ± 0.52 (4) in both species, we computed Von Bertalanffy's growth model using pooled data of males and females (Fig. 4) 
REPRODUCTIVE TRAITS VS FEMALES' SIZE
The descriptive statistics of the reproductive variables in both species are presented in Table  III . Following the differences in body size between species, all reproductive traits were higher in L. bufonius than L. latinasus. However, the relationships among reproductive variables (i.e. ovarian complement, ovarian mass and ovum size), female size (i.e. snout-vent length, body mass) and age in L .latinasus and L. bufonius were statistically non-significant (Table IV ). In L. latinasus, the mean OC increased with SVl, BM and age. Similarly, OM increased with BM and age, but the relationship with SVl was negative. OS increased with age, but decreased with SVl and BM. On the other hand, in L. bufonius, OC increased with age, but showed a negative relationship with SVl and BM. Moreover, OM showed a positive relationship with SVl and age, but had a negative relationship with BM. Finally, OS increased significantly with SVl, BM and age.
DISCUSSION
INTRASPECIFIC DIFFERENCES IN BODY SIZE AND AGE-RELATED PARAMETERS
Several non-mutually exclusive factors may contribute to SSD in amphibians, such as environmental conditions, phylogeny, genetic drift, or natural and sexual selection (Berven 1982a , b, Marangoni and Tejedo 2008 , Cogălniceanu et al. 2014 . In most anurans, females are larger than males and in overall this is explained by the positive correlation between female body size and reproductive output (Shine 1979, Duellman and Trueb 1986) . However, in some cases males are larger than females or there is no SSD (Shine 1979 , Silva et al. 2005 , Zina and Haddad 2005 . We did not find a significant SSD in the studied L. latinasus and L. bufonius populations, in any of the analyzed morphological variables. However, a femalebiased SSD was reported in other populations of L. bufonius (Heyer 1978 , Reading and Jofré 2003 , Schaefer 2007 , Faggioni et al. 2017 et al. 2017) . We found no SSD in the head width of either species studied, but our results are similar to those obtained by Ponssa and Barrionuevo (2012). Several species of Leptodactylus exhibit male combat, a main source that have been widely proposed to explain the existence of sexual size dimorphism in anurans (Shine 1979 , Blanckenhorn 2000 , Monnet and Cherry 2002 , but although we observed male-male interaction in L. bufonius, with the consequent emission of territorial calls (F. Marangoni, personal observation), we never observed male combat in either of the two species studied (F. Marangoni, personal observation). Thus, we suggest that the absence of male combat could be another possible explanation for the absence of sexual size dimorphism in these species.
Variation in age structure promoting considerable variation in adult body size has been widely demonstrated in amphibians (Díaz-Paniagua and Mateo 1999 , Miaud et al. 1999 , laugen et al . 2005 , Marangoni et al. 2006 , 2012 , Cajade et al. 2013 , Quiroga et al. 2015 . In addition, contrasting life-strategies related to growth rates, age and body size at sexual maturity of males versus females can also shape sexual size dimorphism in amphibians (Hemelaar 1988, Halliday and Tejedo 1995) . We found that sexual maturity was reached after the first year of life in males and females of both species studied, which could also explain the absence of a significant sexual size dimorphism. Basso and Kehr (1991) also found that L. latinasus attains sexual maturity after the first year of life. Similar age at maturity and longevity (one and five years, respectively) and no SDD was also found in a related species -L. latrans, by lópez et al. (2017) and the authors proposed that the lack of SSD is probably due to the lack of differences in the age structure of males and females, females having only a slightly delayed sexual maturity. In contrast, other studies found that males and females attained sexual maturity after the second year of life in L. bufonius (Reading and This pattern is also evident from the SVL-BM relationship, body mass increasing faster with SVl in L. bufonius compared to L. latinasus (Fig. 1) . Overall, L. bufonius is larger than L. latinasus, and females have a higher reproductive investment. In addition, the potential reproductive lifespan (PRlS) is also higher in L. bufonius, which increases the potential reproductive success of the species (Halliday and Verrel 1988 , Halliday and Tejedo 1995 , Blanckenhorn 2000 . Overall, our study indicates that L. bufonius exhibits a more successful life-history strategy and therefore has better chances to displace L. latinasus in competition for resources. However, Duré and Kehr (2004) showed that L. latinasus and L. bufonius exhibit niche complementarity, which means that under satisfactory levels of food and TABLE IV Relationship between reproductive variables (i.e. ovarian complement, ovarian mass, ovum size), body size (snout-vent length, body mass) and age in Leptodactylus latinasus and L. bufonius females. All variables were log-transformed. All relationships were statistically not significant. space availability, competition should not be an issue, and thus explaining the coexistence of the two species in syntopy. Furthermore, competition is avoided through spatial segregation between L. latinasus and L. bufonius: for example, although males of both species construct mud nests at the edge of ponds and other low-lying depressions (Heyer 1978 , Cei 1980 , there are subtle differences in their microhabitat preferences and reproductive behavior (see Crump 1995), L. latinasus being usually associated to crevices in the ground, while L. bufonius constructs cone-shaped nests at the edge of the ponds (Shoemaker and McClanahan 1973, Crump 1995, F. Marangoni, personal observation during present study). Since both species use the same ponds for breeding, at the same time, interspecific interaction is most likely to occur during larval stages. However, little is known regarding the length of larval development, dietary requirements, foraging behavior of the tadpoles, or size at metamorphosis. Hence, studies regarding growth, diet and foraging behavior during earlystages of life in both species are required to fully understand the mechanisms that shape their lifehistories and allow their coexistence.
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